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Abstract
The purpose of this paper is to analyze whether changes in expenditure levels in any research and development (R&D) sector of
performance has significant influence on R&D performance indicators. 
This research helps to: (i) determine whether increase of expenses in particular R&D sector (by sector of performance) helps to 
improve R&D performance indicators and; (ii) to determine expense in which R&D sector (by sector of performance mostly) 
affects improvement of R&D performance indicators.
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1. Introduction
Support to R&D is one of the most important factors for advancement of a country’s long-term economic 
development. R&D performance is much analyzed in context of private sector and companies, by interpreting it as
investments in creation of new products, improvement of existing products and innovation (Hogeforster, 2012) 
3HOHFNLV 7YDURQDYLþLXV	7YDURQDYLþLHQH  6RPH DXWKRUV KROG DQ RSLQLRQ WKDW EXVLQHVV HQWHUSULVH VHFWRU
investments in R&D improve value of a company (Berzkalne & Zelgalve, 2012), however there is a different view 
suggesting that there is no strong link between investments in R&D and increased sales (Chan, Lakonishok & 
Sougiannis, 2001). Nevertheless, support to R&D has a crucial role not only for companies but also for a country's 
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economic growth and sustainable development by increasing competitiveness and social wellbeing. Therefore, it is 
important to analyze R&D in complex in context of both government and higher education sectors.
The European Commission’s strategy Europe 2020 states that development of a knowledge and innovation-based 
economy is one of European Union’s (EU) priorities. Furthermore it states that by 2020 3% from the EU`s gross 
domestic product (GDP) should be invested in R&D (Communication from the Commission, 2013). Gradual and 
targeted scaling up of innovation and science is also one of the priorities of Latvia as provided in policy documents 
and Scientific Activity Law. These documents establish that an annual increase of R&D financing in amount of 
0.15% of the GDP must be maintained (Law, 2005). However, according to the National Development Plan 2014 to 
2020, Latvia has committed to increase funding for R&D up to 1.5% of the GDP by 2020. Such plan already 
provides that by 2020 aims of the Europe 2020 strategy shall not be achieved, since this plan establishes increase of 
funding only to 1.5% of the GDP (Cross Sectoral Coordination, 2012). Latvian R&D funding constitutes 0.66% of 
the GDP (in 2011), which is far away from the goal set out in the national policy documents and Europe 2020 
strategy. Lithuanian R&D funding constitutes 0.9% of the GDP (provisional statistics for 2012), while the best 
performance in the Baltic states is achieved in Estonia – 2.18 % of the GDP (provisional statistics for 2012) 
(Eurostat, 2013). In this context the Estonian indicators are a successful example for other Baltic states. In 
innovation field Estonia is defined as an “innovation follower”, while Latvia is defined as a “modest innovator” and 
Lithuania as a “moderate innovator” (European Union, 2013).
With reference to EUROSTAT methodology, schematic of R&D funding has been made (SIA Konsorts, 2013). 
Therefore, in this paper R&D funding sources are distinguished from R&D sectors by performance. Financing 
sources are divided as private sector resources, government resources and foreign resources. Furthermore, R&D 
sectors by performance consist from business enterprise sector, government sector and higher education sector.
Fig. 1. Schematics of R&D funding by sectors of performance.
Comparing R&D sectors by performance in the Baltic states (Table 1), we find that the total amount of 
expenditures in the business enterprise sector in Latvia is one of the smallest not only among the Baltic states, but 
also comparing to the European level. Business enterprise sector has a weak link with science. Moreover, smaller 
economies of the Baltic states are mostly dependent on large enterprises that also have the biggest influence (Paas & 
Poltimäe, 2010;Ali-Yrkko, 2004). Estonia has the most significant amount of expenditures, moreover, the increase is 
observed directly in the business enterprise sector, which in 2012 accounted to 1.25% of the GDP.
Given the relatively low R&D expenditure amount in Latvian business enterprise sector and the sector-related 
indicators, the Latvian government’s priority is to offer different form of cooperation among different sectors. The 
National Development Plan 2014 to 2020 has set forth a target – by 2020 48% of the total amount of all investments 
in R&D (total amount of investments in R&D 1.5% of the GDP till 2020) should come from business enterprise 
sector. This target is set due to the desire to commercialize knowledge, thus promoting innovative, internationally 
competitive products with high added value (Cross Sectoral Coordination, 2012).
Government sector spending is small and has a relatively similar spending growth in the Baltic states. The 
amount of expenditures in the Government sector is the lowest among all sectors (except for private non-profit 
sector). In the context of government sector it is significant not only to improve growth of support for this sector, but 
also to increase efficiency and quality (Estonian Ministry of Education, 2011; Hicks, 2012). Effective measurement 
is also an important element in managing R&D procedures (Bremser & Barsky, 2004).
In the higher education sector Latvian and Lithuanian increase in R&D expenditures have been the highest 
compared to other sectors. This sector also recorded the most significant increase in Estonian expenditure. If we 
compare data, we can conclude that in all three Baltic states spending in the higher education sector has increased.
R&D Funding Sources
- Private sector resources
- Government resources
- Foreign resources
R&D by Sectors of performance
- Business enterprise sector
- Government sectors
- Higher education sector
R&D 
Expenditures
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Table 1. R&D expenditures by sectors of performance (% of the GDP)*
Sector Latvia Lithuania Estonia
2011 2012 2011 2012 2011 2012
Business enterprise sector (private) 0.19 0.15 0.24 0.24 1.5 1.25
Government sector 0.16 0.18 0.18 0.18 0.19 0.20
Higher education sector 0.34 0.33 0.5 0.48 0.66 0.7
Private non-profit sector 0 0 0 0 0.02 0.02
*(Eurostat, 2013)
Although each sector has a significant role in reaching quantitative indicators, it is important to take into account 
interaction among sectors in improvement of the results. E.g., after the crisis, in Estonia increase of government 
sector spending on R&D was emphasized in order to promote innovation, development and growth of investment 
amounts in companies (Ministry of Education and Research, 2011). Cooperation between higher education 
institutions and public and private institutions should be more effective and improved (Paas & Poltimäe 2010).  In 
Latvia only during the recent years cooperation among private and government sectors is emphasized in order to 
reach economic prosperity. This already happens via Technology Transfer Contact, Competence Centers and other 
forms of cooperation within the framework. Similar processes are happening in Lithuania – three science valley 
WHFKQRORJLFDOSDUNVDUHRSHUDWLQJQRZ0Dþ\V
2. Method
The following research methods are used in this paper: (i) analysis of statistical data (Eurostat); (ii) analysis of 
policy planning documents, overviews, reports, laws and regulations and scientific articles. R&D activity results are 
mostly analyzed in the national context as well as some additional analysis in the regional (Baltic states) context.
In this article Comparative method is used as a research method. R&D sectors by performance are analyzed in 
context with following R&D performance indicators – European patent applications, patent applications to the EPO, 
R&D personnel (% of the labor force), doctorate students in science (% of the population aged 20-29 years, high-
tech exports (% of exports) and number of applicants in retained proposals (FP7). 
Proportional changes in expenditures for R&D sectors by performance and proportional changes in R&D 
performance indicators (mainly from 2000 to 2012) in reference to 2000 (for some indicators data is only available 
for latter period) are analyzed in this paper. Statistical data is used in the comparison of indicators. 
3. Results
Expenditure in the higher education R&D sector in Latvia can be divided in four different stages: (i) period of 
relative stability (from 0.17% of the GDP in 2000 to 0.15% of the GDP in 2004); (ii) period of increased 
expenditures (from 0.23% of the GDP in 2005 to 0.29% of the GDP in 2008); (iii) period of decreased expenditures, 
0.18% of the GDP in 2009; (iv) period of recovery (0.24% of the GDP in 2010 to 0.33% of the GDP in 2012 
(provisional)).
After analysis of changes in the amount of expenditure in higher education R&D sector and performance 
indicators following relations can be seen: 
1) During the period from 2000 to 2004 the amount of doctorate students did not change significantly (from 
0.13% of the population aged 20-29 in 2000 to the same amount in 2004). During the period from 2005 to 2008 the 
amount of doctorate students continued to increase from 0.13% in 2005 to 0.17% in 2008. The amount changed 
from 0.19% in 2009 to 0.28% in 2011.
2) R&D personnel indicators remained unchanged at 0.28% of the labor force from 2001 to 2004. From 2005 
to 2008 an increase is observed from 0.25% to 0.31%. A small decrease was observed from 2008 to 2009 from 
0.31% to 0.28%. Finally in concurrence with increased expenditures a small increase from 0.29% in 2010 to 0.34 % 
in 2012 (provisional) is observed.
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3) Furthermore it must be noted that the amount of high-tech exports (% from the total amount of export) did 
not relates with the amount of expenditures, except from 2010 where the increase from 4.8% to 6.7% in 2011 and 
decrease to 6.3% in 2012 clearly relates with changes in the amount of expenditures.
4) Moreover, from 2004 in general the total amounts of European patent application and patent applications to 
EPO related with the changes in the expenditure amount, except from 2006 to 2007 where the amount of patent 
application fell, contrary to the amount of expenditures.
R&D expenditures by business enterprise performance sector can be divided in four different stages: (i) period of 
relative stability (from 0.18% of the GDP in 2000 to 0.13% of the GDP in 2003); (ii) period of increased 
expenditures (from 0.19% of the GDP in 2004 to 0.35% of the GDP in 2006); (iii) period of decreased expenditures 
(decrease explained by an economic crisis), 0.19% of the GDP in 2007 continuing until 2009; (iv) uncertain period 
of recovery (0.22% of the GDP in 2010 and 0.15% of the GDP in 2012 (provisional)).
1) The amount of R&D personnel (as % of labor force) strongly relates with changes in R&D expenditures in 
business enterprise performance sector. E.g. increase from 2003 0.08% of labor force to 0.15% in 2006, and further 
decrease to 0.08% of the labor force in 2007. And finally an uncertain recovery period from 2010 to 2012 (0.11% to 
0.09% of the labor force respectively). An exception is that amount of applicants in retained proposals has slightly 
increased from 2009 to 2011 (from 40 in 2009 to 44 in 2011).
2) Interestingly, no significant relation among other performance indicators and business enterprise sector is 
observed. For example: during the period from 2003 to 2005 the amount of doctorate students did not change 
significantly (from 0.12% of the population in 2003 to 0.13% in 2005). Patent application amount completely does 
not relate with expenditure amount in particular sector (in 2008 one of the lowest amount of expenditures (0.15% of 
the GDP), patent application amount reached the highest number (10.3% per million inhabitants)).
Similar to other R&D sectors by performance, expenditure amount in the government sector can be divided in 
four different stages: (i) period of relative stability (0.1% of the GDP in 2000 to 0.11% of the GDP in 2006); (ii) 
period of growth (0.14% of the GDP in 2007 to 0.17% of the GDP in 2008); (iii) period of decline (0.11% of the 
GDP in 2009); (iv) recovery period (0.14% in 2010 to 0.18% of the GDP in 2012 (provisional)).
1) The amount of doctorate students relates with changes in amount of expenditures until 2008. In 2009 the 
amount of expenditures decreased to 0.11% of the GDP, however, the amount of doctorate students slightly 
increased from 0.17% of the population in 2008 to 0.19% of the population in 2009.
2) Furthermore, amount of R&D personnel completely relates with the amount of expenditures. Any 
fluctuations in the level of expenditures inevitably brought similar fluctuations in the number of personnel involved.
3) Relations with other indicators were not observed, except the amount of patent applications that similarly 
had the highest number in 2008 (10.03 applications to the EPO per million inhabitants) and significant decrease 
from 2008 to 2009 (8.25 applications to the EPO per million inhabitants).
This relative underperformance of Latvian funding in context of Baltic states and the EU was significantly 
affected by an economic crisis in 2009, which returned the country’s figures to 2004 levels. Owing to the possibility 
to apply for the EU funding, Latvia has achieved previous figures in a relatively short time.  
In contrast to Latvia, in Estonia the largest growth of expenditure can be observed in the business enterprise 
sector. From 2008 expenditure growth in the business enterprise sector can be described as exponential (0.55% of 
the GDP in 2008 and 1.25% of the GDP in 2012 (provisional)). Together with growth in expenditure levels, several 
performance indicators display growth as well, e.g. high-tech export from 7.5% of total export in 2008 and 4.1% of 
total export in 2012; amount of doctorate students 0.51% of the population aged 20-29 in 2008 and 0.62% of the 
population aged 20-29 in 2012. The number of R&D personnel (% of the labor force) has been gradually increasing 
from 2001 (0.09% of the labor force in 2001 to 0.28% of the labor force in 2012 (provisional)).
In Lithuania expenditures in the higher education and business enterprise sectors can be divided in two periods: 
from 2000 to 2006, a period of growth both in higher education and business enterprise sectors and from 2007 to 
2012, a period of relative stability, with increase in the higher education sector during previous years. Changes in 
levels of performance indicator doctorate students relates with expenditure levels in higher education sector from 
2000 to 2005, 2006 (increased number of doctorate students from 0.13% of the population aged 20-29 in 2000 to 
0.24% in 2005 and 2006) and from 2007 to 2010 (0.24% in 2007 to 0.23% in 2010) with increase from 2010 to 2011 
(from 0.23% to 0.31%). Similar tendencies can be observed in performance indicator R&D personnel in business 
enterprise sector, with increase period from 2001 to 2007 (0.04% of the labor force in 2001 to 0.14% in 2007), and 
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stability period until 2012 (0.12% of labor force) with an exception in 2009 where a decrease was observed to 
0.09% of the labor force (due to economic crisis). In case of higher education an increase was observed 2001 to 
2006, 2007 (0.40% of the labor force in 2001 to 0.46% in 2006, 2007), continuing with a relative stability period 
until 2012 (0.46% of the labor force). Relative stability is also observed in case of high-tech export from 2008 (6.5% 
of total exports) to 2012 (5.8% of total exports).
4. Conclusion
By evaluating R&D expenditures by sectors of performance and performance indicators in Latvia, authors 
concluded that several performance indicators relate with expenditure levels in higher education and government 
sectors. During research authors concluded that focused increase in the amount of expenditures in higher education 
and government sectors will most likely increase the amount of doctorate students and R&D personnel. In case of 
high-tech export and amount patent applications there is no strong relation between these indicators and expenditure 
levels (except certain periods), therefore, improvement in these indicators should be achieved by other methods such 
as targeted state policy.
However changes in expenditures in business enterprise sector do not lead to changes in performance indicators, 
except amount of R&D personnel which directly relates with the level of expenditures.
In contrast to Latvia, Estonian policy . R&D Management documents emphasize not only growth of expenditures and 
performance indicators, but also increased quality (Estonian government, 2009). Important factors are human 
resources and their involvement in different fields of science (Coccia, 2001).
It should be noted that without the funding there are other types of R&D determinants such as – institutional 
framework for coordinated action in the field of science, the efficient use of existing resources and consolidation.
Given this insufficient R&D funding, it should be used as efficiently as possible. Therefore, it is important to 
asses in which R&D sectors by performance funding would affect R&D performance indicators the most.
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